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ABSTRACT 


Rakı is the national alcoholic drink which is produced and consumed in Turkey. 
Took place 49,5 o in total alcoholic drinks. 

In experiments using direct injection methods with capillary columns the higher 
alcohols and 12 further aroma compounds could be separated and determined guanti- 
tatively in 35 minutes. After liguid-liguid extraction 110 different aroma compounds 
are detectable. The aromagrams show significant differences between the different 
Rakı types. With the aid of GC/MS method many compounds could be identified. 

By means of regression analysis with the selection method of backward elimination 
of factors it was possible to find out the right compounds for the differentiation of 
different Rakı types. 


INTRODUCTION 


Aniseed aromaticed alcoholic beverages (aromatic high alcohol drinks) are pro- 
duced by distillation of a mixture of agricultural alcohol and aniseed. These products 
consumed with different names which are "Rakı" in Turkey, "Ouzo" and "Mastika" in 
Greece and "Pastis" in France, respectively. In Turkey rakı consumption take first 
place concerning alcoholic drinks (1) (Table 1). 
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Turkish Rakı is produced by using high concentrated alcohol (93,5-9496 vol) from 
grape spirit (Suma). Suma is distilled from fermentated raisins with special retorts by 
using special methods. The distilled alcohol is diluted to 45 “6 vol, mixed with aniseed 
(6 hrs steeped in water) and distilled a second time. The fractionated alcohol is used 
for alcoholic drinks which named Rakı. 


Table 1: Alcoholic Drinks Production in Turkey in 1993 


Alcohol Production Production (1) | Partof Part of 
(Vol) (With own (100 Se ethyi Totat Dis- Total Alcohol 
Product Name alcohol degree) alcohol) illed Drinks 
Alcohol 
() Liter Liter (e) (o) 


Rakı 67 330 090 30 298 509 
Wine 27 886 000 3206890 


Beer 552319000 22092 400 
Vodka 7682090 3 972 800 
Cin 3 444 000 1 618 680 
Turkish Cognac 1149000 471090 
Ligucurs (average) 1 640 000 492 000 
Whisky 106 000 45 580 


Ihlara Brandy 240 000 84 000 


Reprinted from: Anonymous, Tekel 1993 Yılı Faaliyet Raporu, Alkollü İçkiler Sanayii 
Müessesesi Müdürlüğü, İstanbul, 1994. 


Some countries also try to produce similar alcoholic beverages as "Rakı". These are 
not Rakı, because Turkish Rakı has some special characteristics which are mentioned 
below: 

- Rakı should be produced in Turkey 

- In Rakı production raisin based alcohol or other agricultural based alcohol should be 
distilled two times by using special retort with aniseed (Pimpinella anisum) 

- Rakı should be contain at least 10g sugar and 0.8 - 2.2g anethol per liter 

- Raisin alcohol should take place at least 4096 in total Rakı alcohol 

- Rakı should be distilled up to 94,594 alcohol for preventing aromatic compound 


İosses 


In Turkey distilled alcohol production is made under licence of Turkish Monopoly 
(Tekel) Organisation by custom laws. For producing 100 liter Rakı, 150 kg raisin is 
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needed for "suma" production|2|. Turkey has 576 000 ha vineyard area and grape pro- 
duction is 3 450 000 metric tons. Nearly 1096 grape production is used for Rakı pro- 
duction whereas only 1“6 is used for wine production. 


RAKI PRODUCTION 


In Rakı production raisins, aniseed and sugar are used as main ingredients. Some 
factories use fresh grape in Turkish Monopoly Organisation. 


In Turkey three different types of Rakı are produced which are named Yeni (New) 
Rakı, Kulüp (Clup) Rakı and Altınbaş (Golden Head) Rakı. Aniseed concentration is 
80 g/l in Yeni Rakı, 100 g/l in Kulüp Rakı and 120 g/l in Altınbaş Rakı. 


For Rakı production (Figure 1) raisins mashed with a grinder. Before entering grin- 
der tap water is added to the raisins for receive the ready Baume degree in the raisin 
Juice. Baume degree should be 8-10 (d — 1.060 - 1.074). Mixture is heated 609C for 
20-30 minutes and then cooled to 22-259C degree. After this step mixture is taken ina 
fermentation tank and then inoculated by yeast (Saccharomyces cerevisiae Rasse M 
and XII). After 2 - 2.5 fermentation days alcohol content is increased up to 8-10 6 vol 
in mash. This mash is distilled in a continious distillation column to approximately 
93.5 - 949p alcohol. This product is named "suma", Suma is stored in tank. 


Aniseed extract is prepared in a seperate tank. For extraction aniseed is steeped for 
6 hours in water. This extract is added 6-12 “6 to suma which alcohol concentration is 
diluted with water to 4596 vol. Generally distillation period is 46 hours. 


In fractionated distillation head (first), medium and last product is separated. Medi- 
um part is important and used for Rakı production which alcohol concentration is 8090 
vol. First (head) part is 10-116 whereas medium part is 6496 (3). Alcohol concentrati- 
ons of medium part should be diluted for different Rakı types with good guality water. 
For instance Kulüp and Altınbaş Rakı contain 5094 vol alcohol whereas Yeni Rakı 
contain 4596 vol alcohol. 
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Figure 1: Rakı production pathway 


At the end of the Rakı production 6g sugar should be added to Kulüp and Altınbaş 
Rakı and 4g sugar for Yeni Rakı. Then Rakı is stored in oak (Teuricum chamaedrys) 
barrels for a ripening process. This storage period should be minimum 20 days usually 
30 days for Yeni Rakı 60 - 90 days for Kulüp and Altınbaş Rakı. During this period 
airing is needed for 2-3 times. 
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OUANTITATIVE DETERMINATION OF VOLATILE AROMA 
COMPONENTS 


Generaly, chemical and organoleptic analyses of distilled alcoholic beverages are 
performing by using gaschromatography. In guantitative analysis not only odor and 
taste characteristic carried out, also guality and purity are determined. For this reason 
in distilled alcoholic beverages GC analyses are going to be more safe and important 
assay. 


In previous researches, gaschromatographic analyses with various separation co- 
lumns were revealing in details (4-201. Drawert and Rapp (41, Rapp et al. (5) examined 
volatile compounds by direct injection of wine, cognac etc. with different (Carbowax 
1550, Diethylhexysebazat * Diethyl tartrat) separation columns. Reinhard (8-10) used 
Diethyl trimethylpropantripelargonat, 1,2,3-Tris (2-cyanoethoxy)-propan * Digiycerol 
and Polyethylengiykol columns for carrying out volatile compounds of whisky suma 
and other distilled alcohols. Postel et al. (13-16), determined various aroma compo- 
unds by using FFAP, Igepal, Ucon LP 550, Carbowax 400 and Triethanolamin in 
packed columns. 


Postel et al. (13), used various columns for determination 65 compounds in whisky 
guantitatively with direct injection methods. Rapp (191 used different capillary glass 
columns (90m, Carbowax 400; 0.4 mm i ©) for the determination of volatile com- 
pounds in various alcoholic beverages. With this method, using 0.5 - 1.0 pl direct in- 
Jection, it is possible to separate 3-Methyi-butanol-1 and 2-Methyi-butanol-1 and to 
determine 30 compounds in wines and brandies. Postel et al. (17) determined higher 
esters (Cg-Cg-ethylester and Cg-Cg-methylester) from wine, distilled alcohol by using 
50m-Fused silica column (crosslinked 596 Methylsilicone). Aktan and Rapp (21), de- 
termined by direct injection on packed columns the higher alcohols in various Rakı 
samples. 


Yavaş and Rapp (22) determined volatile compounds (especialIy anethol) in various 
Rakı samples by direct injection, using appropriate capillary column. In this research 
Rakı samples are obtained from local markets (Table 2). 
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Table 2: Rakı samples 


Product Name a Type Firm. Company 
c. Vol) 
Altınbaş Produced grape and aniseed Teket, İstanbul 
e Tİ Made in Turkey (Turkish Monopoiy) 


| kürk rakı 


Ep — 0 


Löwenmiich Like rakı, appetizer Teta AG. 
(Lion milk) produccd with anısced München 
Aslan sütü Made in Germany 


43 Distiled alcohol with Pernod Fits. 
aniseced. Made in France Paris 


Greece appetizer, fresh E. Tsantalıs, 
grape, raisin, Macedonia Chalkidiki. 
aniseed. Coriander and Greece 

9 different spices an 

aromatic plant 


Produced grape and anisced Tekel, İstanbul 
Made in m ——. (Turkish e 


| Yenik. rakı 


repetition of B andC G and H samples with a long bottle aging 


Reprinted from: İ. Yavaş and A. Rapp, Zur guantitativen Bestimmung von Anethol und 
flüchtigen Aromakomponenten in verschiedenen Raki-Proben, Dtsch. Lebensm.-Rundsch, 
81 (1985) 317-321. 


GC studies with direet injection methods 


25 ml sample and 2 yl Pentanol-I (standard) are mixed and from this mixture 1 gl is 
injected to glass capillary column directiy. 

GC: Siemens L 350 

Glass capillay column: 60m Durabond 5, diameter 0.32 mm, film thickness 1 um 

Split: 1:25 

Carrier gas: Hydrogen 

Temperature programme: 50-1609C, 59C/min 
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In this research 12 different volatile compounds of Rakı samples were determined 
guantitatively by using SE 54 (Durabond 5) capillary column (Figure 2,3; Table 3).For 
the determination of aroma compounds the standard coefficient were 2.090 for metha- 
nol, 8.3 96 for capric- and caprylic acid ethylester and 5.1 “o for anethol respectively. 
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Figure 2. Ax Altınbaş Rakısı Figüre 3. o T> Test solvent (Blank) 


Ba Kulüp Rakısı 
C» Yeni Rakı 
Dx Aslan Sütü 


Determined aroma components and peak number (22J 


1> Methanol 

2 Propanol-I 

3x Aceticacid ethylester 
4» i-Butanol 

5s Butanol-l 

6- |,1-Dicthozyethan 


7x 3-Methyi.butanol-f 

8» 2-Methyi-butanel-i 

9x Pentanol 4 (» Standard) 
105 Hexanol-i 
li Capraicacid ethylester 
12 Coprylicacid ethylester 


Cs Yeni Rakı 
E» Pernod 


F» Ouzo 


13» Anethol 

Xp Unknoxn 
X,3 Ünknown 
Xa Unknown 
X,n Unknown 
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Concerning methanol concentration, minimum methanol were carried out in Permod 
(12 mg/100 mi p.a.) whereas maximum in Aslan sütü (Löwenmilch — Lion milk, 134 
mg/100 mi p.a.). In Turkish Rakı propanol-1 differed between 30 to 45 mg/100 ml p.a. 
whereas very low propanol-1I level were determined in Pernod and Ouzo. Propanol-1 
could not be found in Aslan sütü (Löwenmilch). 


Table 3: Determination of aroma components with direct injection on capillary 
column in Rakı samples (mg/100 ml p.a.) 


Peak Ret.-Time Aroma componenıs ie e Yeni | Aslan 
Number (min) b ei 


Methanol 
Propanol-I 
Acetic acid ethylester 


i-Butanol 

Butanol-1 

Acetal (1,1-Diâthoxyethan) 
3-Methyi-butanol-1 
2-Methyi-butanol-1 
Hexanol-1 

Caprorc acid ethylester 
Capıylic acid ethylester 
Anethol 


eprinted from: İ. Yavaş and A. Rapp, Zur guantitativen Bestimmung von Anethol und 
flüchtigen Aromakomponenten in verschiedenen raki-Proben, Disch-Lebensm.-Rundsch. 
81(1985) 317-321. 


BAS UWM LU — 


Acetic acid ethylester level is maximum in Altınbaş Rakı (11 mg/100 ml p.a.), Yeni 
Rakı follow with 6.4 mg/100 ml p.a., other samples contain very low amount of acetic 
acid ethyl ester. Concering i-butanol in Turkish Rakı samples show similar features. 
But other countries rakı samples contain very low concentrations of i-butanol. 


In the content of amyl alcohol (3-Methyl-butanol-1 and 2-Methyi-butanol-1), deve- 
lop from the fermentation, there is no significant difference in the Turkish Rakı. In op- 
posite Rakı of other countries contain a very low content of iso-amylalcohol (<1 mg/ 
100 ml p.a.). 


Anethol is the main aroma component of aniseed products. Anethol content in Tur- 
kish Rakıs differed between 288 and 343 mg/100 ml p.a. Pernod contains a higher 
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amount of anethol (480 mg/100 ml p.a.) whereas Ouzo has a minimum level of anethol 
(92 mg/190 mi p.a.). 


GC-Mass-spectrometric analyses of Rakı aroma compounds 


An investigation is performed in 1991 (231, Yeni, Kulüp and Altınbaş rakı samples 
produced from Turkish Monopoly (Tekel) Organisation were examined. 


Extraction of aroma components 


Rakı samples are diluted 1:1 with distilled water according to methods of Rapp et 
al. (24,25). Mixture is extracted with Trichlorfluormethan for 20 hours. Before ex- 
traction | ul 196 Decanol-3 (prepared in ethanol) is used, as standard, per 100 ml 
sample. Aroma extract is stored in deep freeze (-259C) until reguired for GC-analysis. 


Determination of aroma compounds 


Before GC analysis 10 ml aroma extract is evaporated in a glass flash in 309C water 
bath up to 100 yl volume using Vigreux column. This aroma concentrate is stored at 
-259C. For GC-analysis, 1 pl aroma concentrate is inject on capillary column with a 
cooled microliter syringe. 


Separation columns: 
- 50 m DB-Wax (Fused silica): 50-1809C, 1.59C/min 
- 50 m DB-5 (Fused silica): 50-1509C, 59C/min 


Aroma compounds of Rakı extract (liguid-liguid-extraction with Trichlorfluorme- 
methan) were determined using polar DB-Wax (50 m) and apolar DB-5 (50 m) capil- 
lary columns (Figure 4). Yeni, Altınbaş and Kulüp Rakıs show similar aromagrams but 
some of the components showed guantitative differences in the various Rakı samples. 


GC and GC/MS were helpfull for the separation and identification of many compo- 
nents (Table 4). Some of these components show typical characteristics of fresh grapes 
and fermented raisins. Fermentation aroma components are higher alcohols (Table 4, 
No. 18-20), fatty acid ethylester (Table 4, No. 7,11,13,22,24) and acetals (Table 4, 
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Table 4. 


Volatile aroma componenis of Turkish rakıs 


Peak Ret. Rel. Ret. 
Number min (DB-Wax) Amount 
2-Phenvlethanol 
> 1000 
! 56 38 * 
> 5.9 4 *# 
3 60 45 * 
4 6,4 53 #** 
3 6.8 6l ** 
& 7.4 70 ** 
7 7.6 75 t 
8 77 76 * 
y 79 8l * 
10 8.6 101 *t 
11 Y.6 12 ** 
12 10.0 117 (*) 
13 10.2 123 * 
14 1.2 II *$ 
15 11.3 143 * 
16 129 171 * 
17 13.4 182 6) 
18 13.8 189 * 
184 14.0 193 $ 
19 15.0 206 * 
19a 15.4 214 * 
19b 16.7 20 * 
2 18,0 256 tt 
21 18.6 2710 * 
22 18.8 272 ** 
23 19.6 290 *# 
24 20.1 305 * 
24a 20.6 310 * 
25 20.9 312 * 
26 222 43 * 
27 232 362 ** 
28 24,1 378 ** 
pi 24.4 385 (4) 
30 24.6 387 * 
31 25.7 407 ** 
32 27.6 442 * 
324 28,1 450 m) 
33 2,0 463 $# 
k2) 30.8 501 ** 
35 32.1 513 (0) 
36 32.2 50 ** 
37 32.4 530 * 
38 33.7 542 *# 
39 34.7 560 # 
40 35,6 585 * 
4i 36.1 590 *# 
42 379 620 ** 
3 38.6 635 * 
H 42,1 70 * 
45 45,6 760 tit 
g6 47,1 800 * 
d6ü 479 815 t 
46b 489 830 *$ 
7 49,8 850 * 
48 50,3 855 tit 
4d 51,5 470 * 
880 * 


($) » (indeterminatica timils) 


Componenis 


Acele acıd methytester 
Acetic acıd ethylester 
1-Ethoxy-I-methoxyethan 
I.1-Diethoxyethan 
3-Methyi-butan-i-at 
2.4.5-Trimethyl-1 3-dioxolan 
Proptonıc acıd ethyiesier 
i,1-Diethoxvpropan 
2.3-Bulandıon 

a-Pinen 

Butiric acid ethylester 
2-Butenal 

3- Methyibuturic acıd et.ylester 
Hexanal 
I.1-Dicihoxy-3-Methvibuton 
3-Methyibutylacetat 
Valeriansâurecthylester 
Butanol-1 
1.1-Diethoxvpentan 

2- Butenic acıd cthyiesier 
Amyiacetat 

Limonen 

3-Methylbutanoi-1 
1.1-Diethoxyhexan 

Caproc acıd ethylester 
Pentanoi-I 
2-Ethoxyethanolacetat 
Octanon-2 

p-Cymol (p-Cymen) 


#-Methyipentanot-I 
3-Methyipentanoi-1 
Önanıhic acıd ethyiester 
6-Methyi-5-hepten-2-on 
Hexanol-i 
cis-3-Hexenol-i 
Nonanal 
cs-2-Hexenol-1 

Capıyiic acıd ethylester 
HOcten-3-ol 
Heptanol-1 
2-Furancarboxuldehyd (Furfural) 


2-Ethylhexanol 


Benzatdehyd 
Linalool 
Octanol-! 
Sesaviterpen: Cedren 
Estragol (4-Allylanisol) 
Scsguiterpen 
Sesguiterpen 
Sesguiterpen 
Sesguiterpen 
cis-Anethol 
fi-Methoxy-s-( (-propenyi)-benzol| 
Sesguiterpen: Curcumen 
Sesguiterpen: Zingiberen 
Sesyuiterpen: Bisabolen 
* sitte 


#*#,$ # tr much 


m ği << —<— 


MS-EL in 70 ev 
miz Order after intensiy 
x x Basispcak 


3,74(M) 44.59.4229 
43,45,70.61,73.88(M) 
59,45.73.61.84(M-15) 
45.73,103(M-15).75,89,117(M-1) 
H4143.58.71,57.86(M) 

3.4, 10ONM-1S),55,73,L15(M-1) 
57,13.45.29.75 102(M).87 

59.47 87.75.103(M-29) 
334.36.86iM) 
93,79,80.53.i21.136(M) 
43.71.88.60.101.116(M) 
3LTMM)3Y.69.55 
37.102,74.B3.115.I30(M) 
436.41,57.72,67.100(M) 
103.47,75.74,59.87.115(M-45) 
43.55,70.73.87(M 43) 
8B,85.57.60,73.101,115(M-15) 
56.41,43.55.73(M-1) 
103.69.47,75.115(M-45) 

69.9 ,41.36,11A(M) 
43,70.61.42.55.B7(M-43) 
68.93,79.53.107.121,136(M) 
55,42,41.43,70.87(M-1) 
103.75.47.55.83.129,.173(M-1) 
88,43,60.73.42.115,129,144M) 
42.55,41 70, 87(M-1) 
43,72,59,55.73,45 E7(M-45) 
43,58,71,85,113,128(M) 
119,91,105.134(M),77,65,51 
53,B1,50,82.39.96,66.68 
56.43.41 69,87, (01M-1).84 
36.69.55.42.57.B4.101(M-1) 
38,00.73.70.113(M-45).115 
43,108.69,111,126(M),93 
56,43.42.55.69,84M-H30) 
67,55.82(1M-H,0) ,69,57,100(M) 
57.41.82.96.98,142(M) 
37.B2(M-H,0).71.58,67,69 
88.101.60.70.127.143,17AM) 
57.72,9.81,IZI(M-I) 
1056.55.41,69.43,B3,98(M-H30) 
95.9E(M).39.67 
93,121,136,79,105.91,77,107 
37.43,70.84.55.1I4M-H30) 
41.55,69,43,57,84,96,122 
77,106(M).105,51.50,78 
7193,55,41.43.80,121.136(M) 
41,56,55,70.69,84,83,112(M-H3O0) 
161,105,69,91.79,119.133,189,204(M) 
İBAM),121,77.91,105,117,133,51 
93,41,79,405.133,161 204KM) 119,77 
91,105,119,161,79,77.133,204M) 
&.41,93.79,109.133,161,204(M) 
Y3,119.91,105.41,133.161.204(M) 
14BIM),147,117.77,121,105,133 


1Y,132.41,91 105,145. 2U2(M) 
93,119,69.56,91,133.161.204(M) 
69,41. 93.67.79,109,119,161,189.204(M) 


* $$ m very much 


Reprinted from: İ. Yavaş and A. Rapp, Gaschromatographisch-massenspektrometrische 
Untersuchungen der Aromastoffe von Raki, Dtsch. Lebensm.-Rundsch. 87 (1991) 41-45. 


Table 4. 
Volatile aroma components of Turkish rakıs (Cont.) 


Peak Ret. Rel. Ret. MS-Eİ in 70 eV 
Number mın (DB-Wax) Amount Components nz Order alter Intensity 
2-Phenylethanol x > Basispcak 
- 1000 
55,4 945 *##** trans-Anethol 143(M),77.91,105,117,147,133 
(1-Methoxy-4-(1-propenyl)-benzol| 

52 57,6 0 * 43,105.91,79,120,145,160,93 
53 54.8 1014 * 157,143,185.200,170.94$.11£ 
54 59,3 1023 * 2-Phenylethanvl 91.92.65.122(M)I2I 
35 594,9 1025 * 1,1.6-Trimethyi-l.2-dihydronaphthalin 157(M-15),142.141,115,128 
Sa 610 1032 ** 147,135.148.91,77,103.115.163,192 
57 61,7 1067 (0) 135.123,107.09,79. 148.535.164 
58 62.1 1081 ** Euyenolmethylether 178(M).107.91.135.147.163,77 
59 63,1 1090 * 161.91.77.79.55.119,133,147 
w 64.4 1100 * isom. Eugenolmethylether 1738(M).147,107,103.91.77.147.163 
6i 65,1 1120 *** o Anısaldehyd 135.136(M).77,92.107.63 
627 65,5 1135 *t isom. Eugenolmethytether 178(M),135.163,105,147,103,91.77 
b2u 06.1 1145 * 7-Methoxyphenylaceton 9I,IZI,IGMM).65.43,135 
62b 672 1165 (#) cis-Anetholepoxu 135.121,105.77,91,164M) 
63 686 1194 (m) Anisic acid methylesier 135.166(M).107,92,77.63 
b3a 69.3 1205 * trans- Anetholepoxid 103.121,135.165.1644(M) 
e) 69.7 1214 * Sesguiterpen 119,109,93.161,189,77,204(M) 
65 70.4 1225 * 105.91,43,93.79,120,131,160,178 
66 71.6 1220 ** 159.43.41,202.187,131,119.91 
67 70.6 1231 * 202.187.159.121,77.85.79.147 
G8 7L,I 1238 ** Anisic acid ethylester 135,152,180(M).77.107,92 
6 71,4 1240 t* 4-Methoxyacetophenon 135,77,15S0(M) ,92,107.64,119 
70 72.0 1245 *# isom. Eugenolmethylether 178(M),135.105.163,91,77,103 
7 72,4 1250 #*tt O#Methoxy-1-(2.propanon)benzol 121,77.91.51,106.164(M).133 
72 73.8 1268 t 110,121,43,77,69.91.135.149 
7 74.2 1297 * 165,137,109,77,83.178.55 
74 74.8 1308 * Eugenol 164(M).121.149,77,91.137.133 
75 76.1 1330 # 4#-Methoxy-I-(i-propanon)-benzol 135.107,92,77,63,164M) 
76 70,4 1339 * Sesguiterpen 119,43,95,67,109,134,161,204(M) 
7 780 1367 ret 137,165,109.77,94 
78 80,0 1405 * 119,43,91,79.159.162.187.220 
79 820 1420 ** Anisalkohol 137,138(M).109,77,43,94,121 
80 83.6 1469 kt? 165,137,9.77,94.149 
8I 4,0 1477 t* isom. 4-Methoxypropanonbenzol 135.148,163(M-1).103.91,77 
82 890 1570 ** isom. 4-Methoxypropanonbenzol 135.77,164(M),92.107.103.149 
83 90.5 1590 ** Sesguitcrpen: Farnesol 69,41.55.118.81.93.121,136 
Si 918 1622 * i 109.77,121,135,55,94.164,163 
85 92.7 1635 # o-Methoxyzimtatdehyd 161,162(M).131,91,65,77,44,134,119 
86 949 1655 * 4#-Methoxyphenol 109.12XM).B1,53.62 
87 96,3 1700 * 137,45,109.94,73,138,121 
$7a 98.0 1730 ** 137.207,165.109,77,91,121 
87b 98.6 1750 ** 137,45.77.94,109,121,138 
38 100.2 1775 ** isom. Anethol 148(M).147,117,115,77,133 
$8a 117,1 2075 ** 4-Methoxyzimtaldehyd 162(M).131.161,91,119 
89 118,5 2100 ** İ-Eugenoi 164(M).149,91,105,103,133,77 
89a 121.7 2180 * Vanillia 1SL,IS2(M).109.81,65,53.137 
Y) 128,0 2235 ** isom. 4#-Methoxypropanonbenzol 135.77,107.92,163,164(M) 
YI 150,0 2630 * 165.137,45.77,109,121.148 
92 165,0 2900 ** g-Methoxy-zimtalkohol 121,108.91.77.164(M),55.65,133,115 
Y 178.5 3141 ** 43.69,109,93,95.135.151.177 


187,0 45,44,137,109,77.59.89 
215.0 137,109,77.94,89,121 


(9) a (indetermination limits) * zlittle #t,* ti much *$ tt ts very mach 


Reprinted from: İ. Yavaş and A. Rapp, Gaschromatographisch-massenspektrometrische 
Untersuchungen der Aromâstoffe von Raki, Dtsd. Lebensm.-Rundsçh. 87(1991) 41-45. 
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No. 3,8,15,21). Trans-4-methoxy(1-propenyl)-benzol (< trans-anethol; Table 4, No. 
51), d-allylanisol ( estragol; Table 4, No. 48) and 4-Methoxy-1-(2-propanon)-benzol 
(Table 4, No. 71) are the main characteristic aroma components (26-28, 32) of aniseed 
products which are related with the guality. These give the characteristic taste and odor 
of Rakıs. 


| 
MAN il 


kl lale 
2 22141 o 161131123,7) 12 
30 


3227 İsa 


gc 


Figure 4: Aromagrams of Yeni Rakı (23) (Peak number declared in Table 4) 
a) 50m DB-5 (apolar), b) 5SOm DB-Wax (polar) 


In Rakıs, trans-anethol content differed between 1500 to 1800 mg/l. The amounts of 
cis-anethol (0.390 of trans-anethol content), estragol, anisaldehyde (296 of trans- 
anethol content) are lower. Some results were observed in Greece Ouzo by Kontomi- 
nas |29) and Soufleros et al. (30). Liddle et al. (31) determined 4-Methoxy-1-(2-pro- 
panon)-benzol (anisketon) which is reaction product of anethol (trans-anetholepoxid). 


On the other hand further components of aniseed were determined from Pimpinella 
anisum: 4-Methoxyphenol (Table 4, No. 86) Eugenol (Table 4, No. 74), Eugenolme- 
thylether (Table 4, No. 58), Acethylanisol (Table 4, No. 69), Linalool (Table 4, No. 
42), Anisic acid ethylester (Table 4, No. 68) and a few hydrocarbon compounds. The 
determined hydrocarbon compounds are: o-pinen, p-cymen, bisabolen (Table 4, No. 
50) and zingiberen (Table 4, No. 49) and sesguiterpenes. 
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In this research for the first time 4-Methoxy-Zimtaldehyd (Table 4, No. 88a) and 4- 
Methoxy-Zimtalcohol (Table 4, No. 92) (typical aroma compounds of Ocimum basi- 
licum and Cinnamon) were determined (23). 


Safrol (1,2-Benzoldioxol-4-(2-Propenyl)) aroma compound of Illicium anisatum 
(281 and Myristicin |1,2-Benzoldioxol-6-methoxy-4-(2-propenyil)| were not determi- 
ned in real Rakı samples. 


GC Analyses of different Rakı 


In this investigation (33) 3 Turkish Rakı (Yeni, Kulüp and Altınbaş rakıs) which are 
produced by Tekel (Turkish Monopoly) and Löwenmilch (Aslan sütü) from the 
German market were examined. 


Extraktilon 


Rakı samples are diluted with water (1:1) (24,25) and extracted with Trichlorfluor- 
methan for 20 hours or with 1,1,2-Trichlor-trifluorethan (34). Standard solution prepa- 
ration procedure is the same as previous research (24,25,34). 


Separation identification and guantitative analysis of aroma compounds 


Aroma compound separation and preparation of Trichlorfluormethan extracts are 
similar with previous research (23). 1,1,2-Trichlor-trifluorethan extracts were injected 
directiy without any working. Identification of aroma compounds is made by using 
mass spectrometiy and retention time of reference substances. 


Separation columns: 

- 50 m DB-Wax (Fused silica): 50-1809C, 1.59C/min 
- 50 m DB-5 (Fused silica): 50-1809C, 5.09C/min 
Carrier gas: Hydrogen or Helium (GC-MS) 


In these research the main aim is the comparison of results under egual conditions. 
For statistical comparison 1,1,2-Trichlor-trifluorethan extracts were used which are 
injected to DB-5 column directiy. For the separation of different Rakı types, Statistical 
Analysis System ready programs are used for correlation analyses (35-37). 
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Results 


Aroma compounds extracted with liguid-liguid extraction method from different 
Rakı types showed different features in the GC analysis (Figure 5). Differences occur 
due to various aroma compounds. For our purposes modified method of Rapp et al. 
(341 were used. From 10 ml sample a simple and rapid determination for many aroma 
compounds is possible, without difficult preparation procedure. 


In Figure 6, chromatograms of 4 different Rakı are shown in comparison. Altınbaş 
and Kulüp Rakı samples are very similar with each other, whereas Yeni Rakı and Lö- 
wenmilch are different. This simple and rapid method may help to determine 50 diffe- 
rent aroma compounds without any difficulty. 


Statistical computer programs are very useful for characterizing different Rakı- 
types. The correlation coefficient describes the relationship between two variables in 
correlatlon analysis (381. Some analytical data are listed in Table 5. By means of 
stepwise discriminant analysis it was possible to ascertain variables for a significant 
differentiation between the examinated Rakı-types. Yeni, Kulüp, Altınbaş are 
significant separated (Fig. 7). The discriminant analysis (Fig. 8) shows also, that 
Löwenmilch is very different in opposite to the true Turkish Rakı (Yeni, Altınbaş, 
Kulüp). 


As shown in Figure 6, aroma compounds of different Yeni and Altınbaş Rakı show 
similar characteristics. 


For the analytical separation aroma compounds were determined as follows: 3-Me- 
thylbutiricacid ethylester, Caproicacid ethylester, Capıylicacid ethylester, Linalool, 
Estragol, cis-Anethol, Anisaldehyd, Anisicacid ethylester, Eugenolmethylether, i-Eu- 
genol, 4-Methoxy-1-(2-propanon)-benzol and a few sesguiterpenes. Trans-Anethol the 
main aroma compound of Rakı should be used in calculation, too. 


Löwenmilch shows very different characteristics comparing with Turkish Rakıs 
(Yeni, Altınbaş and Kulüp). Löwenmilch contains very low amount of 3-Methyi-bu- 
tanol-1, 3-Methylbutiricacid ethylester, Caproicacid ethylester which occur in the fer- 
mentation and also Linalool and other compounds, Peak 38 and 39 which are com- 
pounds originate from aniseed (Table 6). 
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Figure 5: Chromatograms of different Rakı (trichlorofluoromethane extracts) 


(DB-5) (33) 

2 - Acetic acid ethylester 5 >3-Methyi-butan-!-al 

7 # Propionic acid ethylester 11 < Butiric acid ethylester 
13 - 3-Methyl butiric acid ethylester 16 - 3-Methylbutylacetat 
18 < Butanol-I 20 - 3-Methyi-butanol-1 
22 > Caproic acid ethylester 23 - Pentanol-I 
30 > 6-Methyi-5-hepten-2-on 31 - Hexanol-I 
32 -cis-3-Hexenol-| 34 - Capıylic acid ethylester 
42 — Linalool 43 - Octanol-I 
44 - Sesguiterpen (Cedren) 45 - Estragol (4-Allylanisol) 
SI < trans-Anethol 54 - 7-Phenylethanol 
58 - Fugenolmetlylether 60 - isom. Eugenolmethylether 
61 - Anisaldehyd 69 - 4-Methoxyacetophenon 


79 - Anisalkohol 
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Figure 6: Chromatograms of different Rakı (1,1,2-Trichlorotrifluoroethane extracts) 
(DB-5) (33) 


1 > 1.1-Diethoxyethan 2 x 3-Methyi-butanol-! 
3 x 2-Methyi-butanol-i 7 s 3-Methylbutiric acid ethylester 
8 - 1.1-Biethoxy-2-methyi-propan 9 - Hexanol-i 
11 - 1.1-Diethoxy-3-methyi-butan 14 > Caproic acid ethylester 
17 » Diethoxyhexan 20 2 Linalool 
25 m Caprylic acid ethylester 26 x Estragol (4-Ajiylanisol) 
28 x cis-Anethol 29 x Anisaldehyd (4-Methoxybenzaldehyd) 
x 2 trans-Anethol (4-Methoxy-4- 30 > Terpen 
(i-propenyi)-benzol| 33 > Sesguiterpen (Elemen ?) 
31 > Capric acid ethylester 37 > Anisic acid ethylester 


36 - Eugenolmethylerher 40 > 4-Methoxy-1-42-propanon)-benzol 
38  Sesguiterpen (Caryophytlen) 42 - Sesguiterpen (Zinyiberea) 
41 > Sesguiterpen (Farnesol) 45 a Unknown (165, 137, 135, 100, 77, 94) 
43  Sesguiterpen (Bisabolen) 
47 > i-Evgenol (2-Methoxy-i- 
(i-propenyi)-phenol| 
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Figure 7: Separation of Rakı types with 3 parameters 
by using analytical discrimination (33) 
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Figure 8: Separation of Rakı types with 3 parameters by using analytical discrimination (33) 


Table 5: Components for the separation of different Raki types (correlation coefficients; 
>0.9 shows > 809/4 security limits) 


Separation Components 
Correlation coefficients 


Altınbaş from Kulüp, Yeni 26 (0.92), 32 (0.87) 

Kulüp from Altınbaş, Yeni 46 (0.94), 40 (0.94), 39 (0.94) 2 (0.94) 

Yeni from Altınbaş, Kulüp 10 (0.99), 21 (0.99), 17 (0.99) 4 (0.99), 22 (0.99) 
Löwenmilch from Altınbaş, Yeni, Kulüp 38 (0.99), 37 (0.98), 24 (0.97), 39 (0.96), 19 (0.93) 


Reprinted from: İ. Yavaş, A. Rapp and R. Rupprecht; Vergleichende gaschromatographische 
Untersuchungen von türkischen Anis-Spirituosen (Raki), Dtsch. Lebensmittel-Rundschau 
87, 242-245 (1991) 
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Table 6: Aroma components of different Rakı (Trichlorofluoromethan-extracts) 
(content in percent of trans-anethol) 


Components 


Linalool 
Estragol 
cis-Anethol 
Anisaldehyd 


Anisic acid ethylester 
4-Methoxy-1-(2-propanon)- 
benzol 

Anisalkohol 

165, 137, 109, 77... 


00 e 


Reprinted from: İ. Yavaş, A. Rapp and R. Rupprecht, Vergleichende gaschromato- 
graphische Untersuchungen von türkischen Anis-Spirituosen (Raki), Disch. Lebensm.- 
Rundsch. 87 (1991) 242-245. 


Löwenmilch, Kulüp and Altınbaş Rakı show slight different characteristics con- 
ceming amount of Anisaldehyd, 4-Methoxy-1-(2-propanon)-benzol, Anisalkohol. On 
the other hand Altınbaş and Kulüp Rakı show significant differences in the content of 
Estragol and cis-Anethol. Further in Löwenmilch Safrol (4-Aliy1-1,2-methylendioxy- 
benzol) is found with mass spectrometric analysis, in a concentration of 0.296 of trans- 
Anethol content (33). 


1810 


REFERENCES 
1 Anonymous, Tekel 1993 Yılı Faaliyet Raporu, Alkollü İçkiler Sanayii Müessesesi 
Müdürlüğü, İstanbul, 1994. 

2 M. İlter, Rakının Tarihi, Tekel Ekonomik Araştırmalar Grubu, Yayın No. Tekel 261, 
EAG/DKY 93, İstanbul, 1984. 

3 I. Fidan and İ. Şahin, Alkol ve Alkollü İçkiler Teknolojisi, A.Ü.Ziraat Fakültesi 
Yayınları: 1295, Ankara, 1993. 

4 F. Drawert and A. Rapp, Gaschromatographische Beurteilung der Oualitât von 
Branntweinen, Z. Lebensm. Unters. Forsch. 126 (1965) 105-109. 

5 A. Rapp and H. Franck, Über die Bildung von Aethanol und einiyer Aromastoffe bei 
Modeligârversuchen in Abhângigkeit von der Aminosâurenkonzentration, Vitis 
9 (1971) 299-311. 

6 A. Rapp, Les arömes des vins et des eaux-de-vie, Bull. OTV 45 (1972) 151-166. 

7 F. Drawert, W. Heimann and G. Tsantalis, Gaschromatographischer Vergleich verschie- 
dener Branntweine, Z. Lebensm. Unters. Forsch. 228 (1967) 170-180. 

8 C. Reinhard, Über gaschromatographische Untersuchungen an Weinbrânden, Dtsch. 
Lebensm-Rundsch. 67 (1971) 349-352 

9 C. Reinhard, Über gaschromatographische Untersuchungen in alkoholischen Erzeug- 
nissen, Weinwirtsch. 112 (1976) 172-174. 

10 C. Reinhard, Zur Untersuchung und Beurteilung von Whisky, Dtsch. Lebensm.-Rundsch. 
73 (1977) 124-129, 

1 H. Woidich and W. Pfannhauser, Zur gaschromatographischen Analyse von 
Branntweinen: guantitative Bestimmung von Acetaldehyd, Essigsâureethylester, 
Methanol, Propanol-1, Butanol-1, i-Butanol, i-Amylalkohol und Hexanol, Mitt. 
Klosterneuburg 24 (1974) 155-166. 

IZ (OO, Endres, D. Hess, E. Hieke, M.D. Olschimke, A. Rapp and C. Reinhard, Einfluss. 
verschiedener (Destillationsverfahren auf die Zusammensetzung flüchtiger 
Weininhaltsstoffe in den Destillaten, Dtsch. Lebensm.-Rundsctı. 72 (1976) 233-236. 

13 W. Postel and 1. Adam, Gaschromatographische Charakterisierung von Whisky, 
Branntweinwirtsch. 116 (1976) 249-254. 

14 W. Postel and L. Adam, Gaschromatographische Charakterisierung von 
Weinbrand, Cognac und Armagnac, Branntweinwirtsch. 119 (1979) 404-409. 

15 W. Postel and L, Adam, Gaschromatographische Charakterisierung von 
Weinbrand, Cognac und Armagnac, Branntweinwirtsch. 120 (1980) 154-163. 

16 W. Postel and L. Adam, Gaschromatographische Bestimmung der flüchtigen 
Inhaltsstoffe in extrakthaltigen Spirituosen, Branntweinwirtsch, 121 (1981) 146. 

17 OW. Postel and 1. Adam, Höhere Ester in Wein, Brennwein und Weindestillaten, 
Dtsch. Lebensm.-Rundsch. 80 (1984) 1-5. 

18 S. Nosko, Zur Beurteilung von Williams-Christ-Branntweinen, Dtsch. Lebensm.- 
Rundsch. 70 (1974) 442-447. 

19 A. Rapp, Analysis of grapes, Wines and Brandies. In: W.G. Jennings, Applications 
of glas Capillary Gas Chromatography, Marcel Dekker New York and Basel, 1981. 

20 $S. Nosko, Zur Beurteilung von Zwetschgenwâssern, Branntweinwirtsch. 112 (1972) 
133-140, 

21 N. Aktan, Y. Sekin and A. Rapp, Rakı ve Aporakların Uçucu Unsurları Üzerinde Bir 


Araştırma, E.Ü.Z.F. Dergisi 17 (1980) 17-22. 


24 


33 


34 


35 


36 


37 


38 


1811 


İ. Yavaş and A. Rapp, Zur guantitativen Bestimmung von Anethol und flüchtigen 
Aromakomponenten in verschiedenen Raki-Proben, Dtsch, Lebensm.-Rundsch. 81 
(1985) 317-321. 

İİ Yavaş and A. Rapp, Gaschromatographisch-massenspektrometrische 
Untersuchungen der Aromastoffe von Raki, Dtsch. Lebensm.-Rundsch. 87 (1991) 41- 
45. 

A. Rapp, H. Hastrich and L. Engel, Gaschromatographische Untersuchungen über 
die Aromastoffe von Weinbeeren. 1. Anreicherung und kapillarchromatographische 
Auftrennung, Vitis 15 (1976) 29-36. 

A. Rapp, H. Mandery and H. Üllemeyer, Neue Monoterpendiole in 
Traubenmosten und Weinen und ihre Bedeutung für die Genese ceyclischer 
Monoterpenether, Vitis 23 (1984) 84-92. 

E. Gildemeister and F. Hoffmann, Die âtherischen Öle, Band VI, Akademie-Verlag, 
Berlin, 1961. 

H. Becker, Vergieichende Üntersuchungen über die Zusammensetzung der 
âtherischen Öle verschiedener Handelsfrüchte von Pimpinella anisum L., Dtsch. 
Apotheker-Zeitung 111 (1971) 41-43. 

S. Van Straten and H. Maarse, Volatile compounds in Food, Central Inst. for 
Nutrition and Food Research TNO, Zeist, 1983. 

M.G. Kontominas, Volatile constituents of Greek Ouzo, J. Agric.Food Chem. 
34(1986) 847-849. 

E. Soufleros and A. Bertrand, Etude sur le "Tsipouro", eau de vie de marc 
traditionelle de Gröce, pröcurseur de 1'Ouzo, Conn. Vigne Vin 21 (1987) 93-111. 
P.A.P. Liddle and A. Bossard, The Analysis of Anethole and Anethote-Flavoured 
Beverages by Gas Chromatography, In: L. Nykânen and P. Lehtonen "Flavour 
Research of Alcoholic Beverages", Helsinki Proceedings, 1984. 

K.H. Kubeczka and |. Bohn, New Constituents from the Essential Oils of 
Pimpinetla species. In: EJ. Brunke "Progress in essential oil research", Proceedings 
De Gruyter, Berlin, New York, 1986. 

İ. Yavaş, A. Rapp and R. Rupprechi, Vergleichende gaschromatographische 
Üntersuchungen von türkischen Anis-Spirituosen (Raki), Dtsch. Lebensm.-Rundsch. 


87 (1991) 242-245. i 
A. Rapp, İ. Yavaş und H. Hastrich, Einfache und schnelle Anreicherung ("Kaltron- 


methode") von Aromastoffen des Weines und deren guantitative Bestimmung mit- 
tels Kapillargaschromatographie. Dtsch. Lebensm.-Rundschau 90 (1994) 171-174. 
S.D. Schlotzhauer and R.C. Littel, SAS-System for Elementary Statistics, SAS- 
Institute Inc. Cary USA. 

R. Rupprecht, Using the annotate facility to represent multivariate data by Chernoff- 
Faces, In: Seugi'86, Proceedings of the SAS European Users Group International 
Conference, SAS-Institute GmbH, 1986. 

A. Rapp, S. Ringlage, C. Volkmann and R. Rupprecht, Varietal Classification of 
Wines using statistical methods and the graphical Presentation of the Results, In: P. 
Ribereau-Gayon and A. Lonvaud "Actualit&s Oenologigues 89", Dunod, Ganthier- 
Villars Paris, 1990. 

A. Rapp and S. Ringlage, Vergleichende gaschromatographische Untersuchungen 
über die Aromastoffzusammensetzung der Weine verschiedener Vitis-vinifera- und 
pilzresistenter Rebsorten, Vitis 28 (1989) 21-29. 


